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水道DO几乎都低于63 μmol kg-1 (即2 mg L-1)；夏季和秋季次之，表层DO也都低







































































































There have been increasing reports pointing towards hypoxia in estuaries and 
coastal oceans since the 1950s, and it is therefore believed that hypoxia has become 
one of the most pressing global environmental issues. The formation of hypoxic zones 
in bottom waters has been commonly linked to high nutrient loads and water 
stratification. Alternatively, allochthonous organic matter may also contribute to the 
regional oxygen depletion. However, the role of allochthonous versus phytoplankton 
sourced organic matter in supporting microbial respiration throughout the hypoxic 
region is not well understood. 
The Pearl River is one of the world's 20 largest rivers, the watershed of which is 
located in the typical sub-tropical monsoon climate area. With the rapid economic 
development and heavy urbanization in the Pearl River Delta, human activity has 
increasingly affected the regional environment in recent years. A very low DO 
concentration was observed in the surface water in the upper reach of the Pearl River 
Estuary. This dissertation is examining the processes associated with the formation 
and the maintaining of oxygen depletion zones in the Pearl River Estuary. Emphesis is 
given to the sources and bioactivity of organic matter, and its linkage with the oxygen 
depletion in this region. This study is based on the date collected from four seasons 
during 2004-2008 in the Pearl River Estuary; the previous observation data were also 
assembled to identify the spatial and temporal variability of hypoxia in the Pearl River 
Estuary.  
Significant spatial and seasonal variations of surface DO concentration were 
observed in the Pearl River Estuary. Oxygen depletion in the water column existed in 
the upper reach of the Pearl River Estuary or upstream Humen throughout the year. 
This oxygen depleted zone extended from Humen to the suburbs of Guangzhou, 
covering ~75 km water body, with a lowest surface DO concentration of 2-9 μmol O2 
kg-1 near Guangzhou. Downstream the Humen Outlet, surface DO concentration 

















estuary. Seasonally, the most oxygen depleted season was observed in spring, 
followed by the summer and autumn, and winter. 
Statistical analysis showed that surface DO concentration in the upper reach was 
mainly correlated with DOC, POC and NH4+ concentrations. In winter, estuarine 
mixing only played a significant role in bringing up oxygen content in the water 
upstream Humen. Downstream Humen Outlet, surface DO concentration was mainly 
controlled by water mixing throughout the year while the impacts of DOC, POC and 
NH4+ contents were different depending on the season. 
Significant spatial and seasonal variations of DOC and its major compouds were 
observed in the Pearl River Estuary. The concentrations of DOC and its major 
compounds, carbohydrates and amino acids, were high in the upper reach of the Pearl 
River Estuary and decreased rapidly downstream. In terms of seasonality, a 
significantly higher DOC was observed in winter than that in summer. Anthropogenic 
sewage input appeared to be an important source of the DOC pool in the upper reach. 
The contribution of anthropogenic sewage input to total DOC was accounted for 
~54% in the upper reach in spring (dry season), and ~16% in summer (wet season), 
indicating that the sewage-derived DOC in the upper reach was sharply diluted by the 
river discharge. The biodegradable DOC (BDOC) was relatively high in the Pearl 
River Estuary, with a range of 15-45% in spring and 6-27% in summer. This portion 
of DOC was easily degraded during the transport through the estuary. 
DOC distribution was non-conservative during the estuarine mixing, showing a net 
consumption of DOC in the upper reach and in the low salinity region of the Pearl 
River estuary. The removal fluxes of DOC in the upper reach were 3.02×106 mol C d-1 
in spring and 6.86×106 mol C d-1 in summer. Community respiration and DOC 
consumption incubations showed that microbial degradation was the major process 
controlling the DOC removal in the upper reach. This heterotrophic biodegradation of 
organic matter was one of the most important processes controlling the severe oxygen 
depletion in the upper estuary. In the mixing zone, the distribution of DOC showed 

















one of important processes controlling the behavior of DOC, which accounted for 
~31% of total DOC removal. Other processes were also important reasonable for 
DOC removal. While in summer, DOC concentration was almost constant in the 
mixing zone. In the lower estuary, the heterotrophic removal almost balanced by the 
autotrophic production resulting in a linear distribution of DOC with salinity.  
Organic composition analysis showed that the major compounds of DOC changed 
rapidly along the estuary, showing a selected removal of carbohydrates and amino 
acids within the DOC pool in the upper reach and mixing zone and an autotrophic 
source of PCHO in the lower estuary. 
Elemental (C/N) and bulk organic carbon isotope composition (δ13C) of particulate 
organic carbon (POC) showed that there were four potential sources of organic matter 
in the POC pool: (1) fresh water phytoplankton production, (2) terrestrial organic 
matter, (3) marine phytoplankton production, and (4) wastewater input. A combination 
with the POC/Chl-a ratios of the phytoplankton and the background values of 
river-derived terrestrial POC concentration allowed for an estimation of the 
contribution of the phytoplankton biomass to POC  as ~42%, the land-derived POC 
as 50%, and wastewater input as ~8% during the spring season. The contribution of 
the phytoplankton biomass to POC was estimated as ~26%, the land-derived POC as 
71%, and wastewater input as ~3% during summer season in the upper reach the Pearl 
River estuary. The contribution of phytoplankton biomass to POC decreased along the 
estuary to a value of ~31% in spring and ~25% in winter in the mixing zone, and then 
enhanced in the lower estuary to a value of ~65% in spring and ~32% in summer. 
The distribution of POC in the Pearl River Estuary showed large spatial and 
seasonal variability. High POC concentrations were observed in the upper reach and 
decreased rapidly downward. The distribution of POC was mainly controlled by river 
discharge, with higher POC concentrations in winter and summer and the lower 
concentrations in spring and autumn. A significant removal of POC was observed in 
the upper reach of the estuary. The removal flux was 5.92×106 mol C d-1, accounting 

















input in summer. Microbial degradation was the major process controlling the POC 
removal in the upper reach. This heterotrophic biodegradation of POC was another 
important process controlling the severe oxygen depletion in the upper estuary. 
Both the respiration of organic carbon and nitrification were main processes which 
controlled oxygen depletion in the upper reach of the Pearl River Estuary. Oxygen 
budget calculations showed that the consumption of oxygen by respiration and by 
nitrification was nearly equal, and the sum was balanced by the reaeration process. 
Contributions from other processes such as phytoplankton photosynthesis, and 
sediment oxygen demand were marginal. 
This dissertation revealed the impact of anthropogenic activities on the source and 
fate of river-derived organic matter, and emphasized the important of allochthonous 
organic matter in forming and maintaining the oxygen depletion in the estuary. 
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